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Received May 17, 2010 . Accepted May 13, 2011 . Available online May 27, 2011 . Published July 25, 2011 Metabolic syndrome (MS) consists of pathological conditions that include insulin resistance, arterial hypertension, obesity, and dyslipidemia (1); associated abnormalities include inflammation and endothelial dysfunction (2) .
Vascular dysfunction and damage have been shown to be associated with impaired endothelial nitric oxide (NO) metabolism and function. Endothelial dysfunction is considered to be a hallmark in the pathophysiology of MS, and can be evaluated by several means, including the assessment of NO metabolite (NOx) levels (3) . NO is synthesized in endothelial cells by endothelial nitric oxide synthase (eNOS) activity, and is responsible for vasodilatation and for the maintenance of endothelial function; eNOS is expressed constitutively and synthesizes NO in only small amounts under basal conditions. NO production may also be stimulated by an increase in inducible nitric oxide synthase (iNOS) expression provoked, for instance, by oxidative stress or pro-inflammatory cytokines (4) . Therefore, iNOSderived NO mediates the inflammatory response and has been shown to cause vascular dysfunction in a number of experimental models (5) .
A myriad of pathological factors, such as insulin resis-tance, hyperuricemia, inflammation, hypoadiponectinemia, and oxidative stress could lead to a decrease in NO bioavailability (3, 6) . Although some studies have shown association between components of metabolic syndrome and NO, the data are scarce and contradictory. Furthermore, to our knowledge, the interrelationship between serum NO and insulin resistance, uric acid values, adiponectinemia, pro-inflammatory markers, oxidative stress, and obesity has not been evaluated simultaneously thus far. These relationships could contribute to the understanding of the pathophysiology of endothelial dysfunction in MS. Thus, the aim of the present study was to evaluate a possible relationship between the changes in lipoperoxidation, immunological, and biochemical parameters observed in MS patients and NOx levels.
Material and Methods

Subjects
One hundred individuals selected among Internal Medicine ambulatory patients and healthy workers of the Hospital Universitário de Londrina, PR, Brazil, were chosen to participate in this transverse study. Control and MS subjects were paired for gender, age, race, smoking, and alcohol intake; the control group included 50 healthy individuals with body mass indexes (BMI) between 20 and 25 kg/m 2 and without MS. Information about lifestyle factors and medical history was obtained by clinical evaluation. MS was defined according to Adult Treatment Panel III criteria. MS was diagnosed when three of five of the following characteristics were detected: 1) abdominal obesity, waist circumference ≥102 cm in men and ≥88 cm in women; 2) hypertriglyceridemia ≥150 mg/dL (1.695 mM); 3) low levels of high-density lipoprotein (HDL) cholesterol: ≤40 mg/dL (1.036 mM) in men and ≤50 mg/dL (1.295 mM) in women; 4) high blood pressure: ≥130/85 mmHg; 5) high fasting glucose: ≥110 mg/dL (7) . None of the participants in the study presented thyroid, renal, hepatic, gastrointestinal, or oncological disease, and none had a clinically evident infection or were receiving drugs for hyperglycemia or drugs known to affect lipoprotein and uric acid metabolism or inflammatory markers, for at least 4 weeks before the study. All patients gave written informed consent to participate, and the study protocol was approved (CEP 298/05) by the Ethics Committee of Universidade de Londrina (PR, Brazil).
Anthropometric and blood pressure measurements
Height and weight were measured in the morning with subjects wearing light clothing, but no shoes. After 5 min of rest, each subject had his/her blood pressure measured on the left arm while in a sitting position. We considered the current use of antihypertensive medication as an indication of high blood pressure. BMI was calculated as weight (kg) divided by height (m) squared. Waist circumference was measured with a soft tape on standing subjects midway between the lowest rib and the iliac crest.
Determination of biochemical biomarkers
After fasting for 12 h, the patients underwent the following laboratory blood analysis: glucose, total cholesterol, HDL cholesterol, low-density lipoprotein cholesterol (LDL), triacylglycerol (TG), and uric acid were evaluated with a biochemical auto-analyzer (Dimension Dade AR Dade Behring, USA) using Dade Behring ® kits. Plasma insulin levels were determined by MEIA (AXSYM, Abbott ® Laboratory, Germany). All samples were centrifuged at 1950 g for 15 min, and plasma or serum aliquots were stored at -70°C until assayed. Interassay and intra-assay CVs were <10% for all assays as determined with human serum.
The homeostasis model assessment of insulin resistance (HOMA-IR) was used as a surrogate measure of insulin sensitivity (8) . HOMA-IR = insulin fasting (µU/mL) x glucose fasting (mM) / 22.5.
Determination of inflammatory and immunological parameters
Fibrinogen was measured by the Klauss method, and serum highly sensitive C-reactive protein (CRP) was measured using a nephelometric assay (Behring Nephelometer II, Dade Behring); serum tumor necrosis factor-α (TNF-α), interleukin-6 (IL-6), and adiponectin were measured by a sandwich enzyme-linked immunosorbent assay (ELISA) using a commercial immunoassay (R&D Systems, USA). Interassay and intra-assay CVs were <10% for all assays as determined with human serum.
NOx levels
Serum NO levels were assessed on the basis of nitrite (NO 2 -) and nitrate (NO 3 -) concentration according to the Griess reaction supplemented by the reduction of nitrate to nitrite with cadmium (9,10). The results are reported as µM.
Analysis of tert-butyl-hydroperoxide-initiated chemiluminescence
Plasma tert-butyl-hydroperoxide-initiated chemiluminescence (CL-LOOH) was determined as described by Gonzalez et al. (11) . CL is considered to be much more sensitive and specific (12) than the thiobarbituric acid reactive substances (TBARS) method (13), the method usually employed to determine hydroperoxides. The results are reported as counts per minute.
Statistical analysis
Data are reported as the median, minimum and maximum. Data for control subjects and patients with MS were compared using the Mann-Whitney test. Correlations were determined by Spearman's rank correlation. The results were considered to be significant when P < 0.05. A statistical analysis program (Graph Pad InStat, Graph Pad Software, Inc.) was used.
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Results
The clinical and biochemical characteristics of the study subjects are shown in Table 1 . There were no differences between groups regarding age, gender, or smoking habit. The group of MS patients had significantly higher BMI, waist circumference, systolic and diastolic blood pressure, TG levels, fasting glucose, insulin, HOMA, and uric acid levels compared to controls (P < 0.0001). The MS group also had significantly lower HDL-cholesterol levels (P < 0.0001) and serum NOx levels (P = 0.0480) compared to controls (Table 1) .
Regarding the levels of the inflammatory markers in MS patients compared to controls, CRP (P < 0.0001), fibrinogen (P = 0.0087), and serum IL-6 (P = 0.0078) concentrations were significantly higher. On the other hand, adiponectin levels were significantly lower in the MS group (P = 0.0261). TNF-α levels were not statistically different between groups. Evaluated by CL, lipid hydroperoxide levels were significantly higher in the MS patients (P < 0.0001; Table 2 ).
Serum NOx levels were inversely correlated with BMI (r = -0.2858, P = 0.0191; Figure 1A ) and showed the same relationship with waist circumference (r = -0.2207, P = 0.0684) (data not shown). NO concentration did not correlate with serum fasting insulin levels (data not shown), but it was inversely associated with insulin resistance evaluated by HOMA-IR (r = -0.2573, P = 0.0315; Figure 1B) .
NOx was inversely correlated with fibrinogen (r = -0.2464, P = 0.0413) and CRP (r = -0.2843, P = 0.0171); however, it was not associated with adiponectin or with uric acid levels ( Table 3) . On the other hand, NOx was positively correlated with oxidative stress measured by lipid hydroperoxide levels (r = 0.2506, P = 0.0408; Figure 1C ). Hydroperoxide levels were not associated with any MS component (data not shown).
Discussion
The present study showed that serum NOx levels in patients with MS are associated with insulin resistance, obesity, inflammatory status, and oxidative stress, but not with serum uric acid or adiponectin levels. As expected, all parameters known to be related to MS were significantly different in the group of patients compared to controls. There was also a decrease in serum NOx levels and an increase in oxidative stress evaluated by chemiluminescence in the group of patients.
Our data agree with other studies (14, 15) that showed a significant inverse correlation between NOx and BMI and between NOx and insulin resistance measured by HOMA-IR. The same inverse correlation was detected regarding abdominal circumference, showing that obesity and decreases in insulin action are associated with the reduction of serum NO levels in MS. These associations were not detected in the control group (data not shown). On the other hand, Ghasemi et al. (16) . CRP = C-reactive protein; TNF-α = tumor necrosis factor-α; IL-6 = interleukin-6. *P < 0.05 compared to control (Mann-Whitney test).
and obese women, but their patients were less obese than the patients of the present study. Although endothelial dysfunction has been considered an important issue in patients with MS, results of studies on serum NOx levels in patients with MS have been contradictory (6, 14, 15) . Sun et al. (14) also showed that NOx levels were reduced in MS. However, Zahedi Asl et al. (6) showed higher NOx concentration in subjects with MS and type 2 diabetes. Lin et al. (15) observed that patients with severe obesity and non-obese subjects had similar serum NOx levels.
Oxidative stress mediated by reactive oxygen species (ROS) and reactive nitrogen species has been detected in patients with MS (15, (17) (18) (19) and in obese patients, and ROS were correlated with serum NOx levels (15) . In the present study, MS subjects also showed a significant increase in lipid hydroperoxides measured by chemiluminescence that correlated positively with NOx levels. However, this association was not found in the control group (data not shown). Despite this positive association, NOx levels were decreased compared to control. The reduction in NOx levels is coherent with both endothelial dysfunction (20) and the increased oxidative stress found in this study. This statement is supported by the fact that NO is consumed in a reaction with superoxide anion yielding a strong oxidant species, ONOO -, which in turn accelerates the lipid peroxidation reaction (15, 21, 22) . Peroxynitrite production is also supported by the elevated levels of nitrotyrosine, a marker of endogenous peroxynitrite generation found in both human and animal models (23, 24 ). An increased concentration of uric acid may also contribute to the reduced NO, increased oxidative stress and impaired endothelial function found in the present study (20, 25) , leading to increased risk factors for the development of obesity, hypertension, and cardiovascular disease, which have been associated with oxidative stress (26) .
Despite its role as a major antioxidant in plasma, uric acid can form free radicals in various reactions, including peroxynitrite, whose products are responsible for the amplification of lipid oxidation (26) . In addition, uric acid has been shown to reduce NO bioavailability in various cell types via mechanisms involving redox control (27) and also activating arginase and depleting NO (28) . Recently, our group observed that serum uric acid levels correlated with several parameters of MS (29) . The involvement of uric acid in oxidative and nitroactive stress is very complex because of its antioxidant/prooxidant capacity. Probably this balance is concentration and pH dependent.
MS is characterized by a low-grade inflammatory state. Although in the current study serum IL-6 levels were significantly higher in MS patients compared to controls, the same did not occur with TNF-α. Adipose tissue, and the visceral depot in particular, is a major contributor to plasma IL-6 levels and explains approximately 33% of the plasma IL-6 concentration. TNF-α does not seem to be released into the circulation and thus is unable to signal systemically (30, 31) , functioning as a paracrine pathway (32) . In agreement with a previous study (33) , our data also showed that serum TNF-α level is not an appropriate inflammatory marker in patients with MS. Acute-phase reactant proteins, CRP and fibrinogen were increased in patients with MS, and they were inversely related to serum NOx levels. However, this association was not found in the control group (data not shown).
It is conceivable that increased NO consumption occurs with higher inflammatory activity only in morbidly obese patients. In the meantime, acute-phase reactant proteins were also related to waist circumference (data not shown). It could be hypothesized that increased abdominal fat and acute-phase reactant proteins lead to a condition that favors oxidative stress, resulting in an increased consumption of serum NO metabolites. On the other hand, adiponectin levels were significantly decreased in patients with MS. These results agree with the literature, showing that MS patients present a higher pro-inflammatory state and a decrease in anti-inflammatory mediators (8, 33 ).
In the current study, the correlation between adiponectin and serum NO concentration was not observed. Our data agree with those reported by Lin et al. (15) , which showed that serum NOx levels were not correlated with adiponectin levels in patients with severe obesity (mean BMI = 39 kg/ m 2 ). However, in that study NO and adiponectin levels were correlated in normal weight subjects (mean BMI = 21.1 kg/ m 2 ), and the authors concluded that in non-obese subjects adiponectin could enhance eNOS activity and contribute to endogenous NO generation (15) . On the other hand, our results did not show a correlation between adiponectin and NOx in control subjects (BMI = 23.8 ± 3.1 kg/m 2 ), perhaps because of our small sample.
When considering the results of the present study, the relatively small number of subjects (50 in each group), because only few individuals met the rigorous criteria for inclusion in these groups, and wide dispersion of data are limitations that have to be seriously considered.
Nevertheless, the data suggest that there seems to be a close correlation between serum NO levels and changes in the characteristic parameters related to obesity, such as insulin resistance, oxidative stress and inflammatory markers. Then, it is conceivable to assume that in MS patients a redox imbalance, characterized by increased plasma oxidation and reduced antioxidant capacity, may contribute to a worsening of the clinical picture.
